The placebo and nocebo effect is believed to be mediated by both cognitive and conditioning mechanisms, although little is known about their role in different circumstances. In this study, we first analyzed the effects of opposing verbal suggestions on experimental ischemic arm pain in healthy volunteers and on motor performance in Parkinsonian patients and found that verbally induced expectations of analgesia/hyperalgesia and motor improvement/worsening antagonized completely the effects of a conditioning procedure. We also measured the effects of opposing verbal suggestions on hormonal secretion and found that verbally induced expectations of increase/ decrease of growth hormone (GH) and cortisol did not have any effect on the secretion of these hormones. However, if a preconditioning was performed with sumatriptan, a 5-HT 1B/1D agonist that stimulates GH and inhibits cortisol secretion, a significant increase of GH and decrease of cortisol plasma concentrations were found after placebo administration, although opposite verbal suggestions were given. These findings indicate that verbally induced expectations have no effect on hormonal secretion, whereas they affect pain and motor performance. This suggests that placebo responses are mediated by conditioning when unconscious physiological functions such as hormonal secretion are involved, whereas they are mediated by expectation when conscious physiological processes such as pain and motor performance come into play, even though a conditioning procedure is performed.
Introduction
The placebo effect is a widespread phenomenon in medicine and biology, although its underlying psychological and neurobiological mechanisms are still poorly understood. Placebo analgesia has been shown to be one of the most successful models in the study of the placebo effect, from both the neuropharmacological (Levine et al., 1978; Grevert et al., 1983; Levine and Gordon, 1984; Benedetti, 1996; Amanzio and Benedetti, 1999; Benedetti et al., 1999b) and neuroanatomical viewpoints (Petrovic et al., 2002) . In addition, the study of the placebo effect in Parkinson's disease (de la Fuente-Fernandez et al., 2001 and depression (Leuchter et al., 2002; Mayberg et al., 2002) has shown that placebos can be investigated from a neurobiological perspective not only in the field of pain.
The mechanisms leading to the release of endogenous opioids in placebo analgesia (Amanzio and Benedetti, 1999; Benedetti et al., 1999b) and of endogenous dopamine in the placebo response of Parkinsonian patients (de la Fuente-Fernandez et al., 2001 ) are believed to involve both conditioning and cognitive factors (Price and Fields, 1997; Price, 2002) . In fact, if humans or animals are exposed to a biologically active medication, the efficacy of a subsequently administered placebo that physically resembles the initial active drug will be enhanced (Laska and Sunshine, 1973; Ader, 1997; Amanzio and Benedetti, 1999; Benedetti et al., 1999a; Siegel, 2002) . This observation suggests that classical conditioning of contextual cues associated with drug action can contribute to the placebo response. In other studies, the deceptive administration of a placebo treatment can lead the subjects to believe that the treatment is effective (Kirsch and Weixel, 1988; Kirsch, 1999) . In this situation, the expectation of analgesia leads to a significant placebo analgesic effect (Amanzio and Benedetti, 1999; Benedetti et al., 1999b; Price et al., 1999; Pollo et al., 2001) .
Surprisingly, a few studies have attempted to assess the differential role of conditioning and expectation in evoking a placebo response, and indeed the findings do not coincide (Voudouris et al., 1985 (Voudouris et al., , 1989 (Voudouris et al., , 1990 Montgomery and Kirsch, 1997) . However, these two mechanisms do not have to be mutually exclusive, because both can play a role in different circumstances (Amanzio and Benedetti, 1999; Price et al., 1999) . It is worth noting that the distinction between conditioning and expectation goes beyond the understanding of the placebo effect itself. In fact, alternative models of learning argue that what is learned in Pavlovian conditioning is an expectation of the occurrence or nonoccurrence of an unconditioned stimulus (Reiss, 1980; Rescorla, 1988) .
On the basis of these considerations, we investigated the role of expectation and conditioning in different placebo responses. On the one hand we studied pain in healthy volunteers and motor performance in Parkinsonian patients; on the other hand we analyzed two totally unconscious physiological processes, that is, the secretion of growth hormone (GH) and cortisol.
Materials and Methods

Pain
Subjects. A total of 60 healthy volunteers participated in the study after they signed a written informed consent form in which the experimental procedure and the use of ketorolac were described in detail. Each subject underwent a clinical examination in which blood pressure and electrocardiogram were recorded. Subjects with heart problems were not allowed to participate in the study. Most of the subjects reported a previous experience with analgesics, either opioids or nonopioids, for different types of pathological conditions (e.g., headache or previous surgery). All of the experimental procedures were conducted in conformance with the policies and principles contained in the Declaration of Helsinki. The 60 subjects were subdivided into five groups, whose characteristics are shown in Table 1 . It should be noted that the ratio of males to females, age, and weight did not differ among the various groups.
Pain induction. Pain was induced experimentally by means of the tourniquet technique, according to the procedures described by Amanzio and Benedetti (1999) . Briefly, the subject reclined on a bed, his or her nondominant forearm was extended vertically, and venous blood was drained by means of an Esmarch bandage. A sphygmomanometer was placed around the upper arm and inflated to a pressure of 300 mmHg. The Esmarch bandage was maintained around the forearm, which was lowered on the subject's side. After this, the subject started squeezing a hand spring exerciser 12 times while his or her arm rested on the bed. Each squeeze was timed to last 2 sec, followed by a 2 sec rest. The force necessary to bring the handles together was 7.2 kg. This type of ischemic pain increases over time very quickly, and the pain becomes unbearable after ϳ13-14 min (Amanzio and Benedetti, 1999) . A timer was started after the last squeeze, and the subject stopped the timer when the pain became unbearable. At this point, the experiment was discontinued, and the time was recorded. Thus, pain tolerance was defined as the time from the last squeeze to unbearable pain.
Experimental design. The experiments were performed according to a randomized double-blind design in which neither the subject nor the experimenter knew what drug was being administered. To do this, either ketorolac or saline solution was given. To avoid a large number of subjects, when the saline injection had to be performed in groups 2, 3, 4 and 5, two or three subjects per group received ketorolac and were interspersed among those who received the saline injection. Those subjects who received ketorolac in place of saline were not included in the study because they were used only to allow the double-blind design. All of the injections were performed 10 min before the sphygmomanometer cuff was inflated, and the time interval from cuff inflation to the last squeeze was 1 min. Thus, the time interval from drug administration to last squeeze was the same in all subjects (11 min).
The complete experimental procedure is shown in Figure 1 (Pain). Group 1 (natural history; n ϭ 14) was tested with the tourniquet technique for 4 consecutive days without receiving any treatment. Group 2 (n ϭ 12) received an injection of saline solution (NaCl 0.9%) on day 2 and was told that it was a powerful painkiller, a verbal suggestion aimed at inducing expectation of analgesia. Group 3 (n ϭ 12) received an injection of saline on day 2 and was told that it was a drug that increased pain (expectation of hyperalgesia). Group 4 (n ϭ 11) was treated with ketorolac tromethamine on days 2 and 3 (conditioning) and received an injection of saline on day 4, with the verbal suggestion that it was ketorolac (expectation of analgesia). The dose of ketorolac was 0.42 mg/kg in sterile solution of NaCl 0.9%, with an infusion rate of 0.1 ml/sec and a total infusion time ranging from 70 to 110 sec. Group 5 (n ϭ 11) was treated with ketorolac on days 2 and 3 (conditioning) and received an injection of saline on day 4, with the verbal suggestion that it was a drug that increased pain (expectation of hyperalgesia).
Parkinson's disease
Subjects. Ten patients participated in the study after written informed consent was obtained. They were diagnosed with idiopathic Parkinson's disease, and clinical evaluation was performed by means of the Unified Parkinson's Disease Rating Scale (Fahn et al., 1987) . The five stages of the disease, of which stage 5 is the most severe, were also assessed. Table 2 shows the stage for each patient before and after the surgical implantation of the electrodes, as well as the history of the disease and the time from surgery. Any pharmacological treatment was stopped the day before the experimental procedures and did not have carryover effects lasting Ͼ24 hr. The electrodes were implanted bilaterally in the subthalamic nuclei according to the usual neurosurgical procedures (Hutchinson et al., 1998; Limousin et al., 1998; Benazzouz and Hallett, 2000; Rizzone et al., 2001) . The stimulation parameters (intensity, frequency, and pulse width) for each patient are shown in Table 2 .
Measurement of motor performance. Each patient was tested for the velocity of movement of their right hand according to a double-blind experimental design in which neither the patient nor the experimenter knew whether the stimulator was turned off. The velocity of hand movement was assessed by means of a movement analyzer (EB Neuro, Florence, Italy), which is characterized by a 30 ϫ 25 cm rectangular surface on which the patients performed a visual directional-choice task (Zappia et al., 1994) . To do this, the right index finger was positioned on a central sensor with a green light. After a random interval of a few seconds, a red light turned on randomly in one of three sensors placed 10 cm away from the green-light sensor. The patients were instructed to move their hand as quickly as possible to reach the target red-light sensor. The movement time was measured by a computer and expressed as the time between the release of the central green-light sensor and the reaching of the target red-light sensor. The mean velocity of movement was expressed as the ratio between the distance between the sensors and the movement time. In each test, 15 consecutive movement time trials were performed; their average represented the final value for that test. Before testing, each patient was allowed to practice with the apparatus.
Experimental design. To check and set the stimulation parameters for clinical and therapeutic purposes, in all of the patients the stimulator had been turned off many times, from the electrode implantation to our experimental procedure. Figure 1 shows that movement velocity was tested 4 and 2 weeks before the experiment session. Three experimental conditions were analyzed on 3 different days, and their order was changed for each patient. In condition 1 the patients received no treatment; that is, the stimulator was kept on and the patient did not receive any verbal instruction. In condition 2 they were told that the stimulator was going to be turned off, but actually it was kept on. It is important to point out that this procedure represents routine clinical practice, in which the patients are informed that the stimulator will be switched off. This can be considered a nocebo procedure, in which expectation of a worsening of motor performance is induced verbally. In condition 3 they were told that the stimulation intensity was going to be increased to improve motor performance, but actually no change in stimulus intensity was made. This can be considered a placebo procedure, in which expectation of an improvement of motor performance is induced verbally. The measurements of hand movement velocity were performed just before the verbal instructions and after 30 min.
Hormones
Subjects. A total of 95 healthy volunteers participated in this part of the study. The same inclusion and exclusion criteria described previously for pain were followed. They were subdivided into nine groups, the characteristics of which are shown in Table 3 .
Plasma concentration assessment. Plasma concentrations of GH and cortisol were assessed in different situations (see below) according to routine clinical practice and as described previously (Rainero et al., 2001 (Rainero et al., , 2002 . Briefly, blood samples were collected at different times (see below) in sterile tubes and immediately centrifuged at 4°C, and the plasma was stored at Ϫ80°C until assayed. Plasma GH concentrations were measured using a commercially available IRMA kit (HGH-CTK and CORT-CTK-125; Sorin, Saluggia, Italy). The sensitivity of the GH assay was 0.15 g/l, and the intra-assay and inter-assay coefficients of variation were 2.6 and 5.1%. The sensitivity of cortisol was 0.5 ng/ml, and the intra-assay and inter-assay coefficients of variation were 3.8 and 5.7%. All of the samples from each subject were analyzed in the same assay.
Experimental design. The subjects were subdivided into nine groups (Table 3) , and all of the experiments were performed at 9:00 A.M. after an indwelling intravenous catheter had been inserted into a forearm vein to take blood samples. All of the experiments were performed according to a randomized double-blind design in which neither the subject nor the experimenter knew what drug was being administered. To do this, either sumatriptan (see below) or saline solution was given. To avoid using a large number of subjects, when the saline injection had to be performed in groups 2, 3, 4, 5, 6, 7, 8, and 9, two or three subjects per group received sumatriptan and were interspersed among those who received the saline injection. Those subjects who received sumatriptan in place of saline were not included in the study because they were used only to allow the double-blind design. No perceptible effect of sumatriptan was reported by these subjects. Figure 1 shows the experimental design (Hormones). Group 1 (natural history; n ϭ 15) received no treatment and was used to check for intra-day and inter-day variations of both plasma GH and plasma cortisol. To do this, a total of seven blood samples were taken every 15 min for a total time of 90 min. This procedure was repeated for 3 consecutive days. Groups 2, 3, 4, and 5 were tested for GH response. Group 2 (n ϭ 9) received a subcutaneous injection of saline solution (NaCl 0.9%) in the lateral region of the thigh and was told that GH was going to increase. Blood samples were taken 15 min before the injection, immediately after the injection (0 min), and at 15, 30, 45, 60, and 75 min after the injection. Group 3 (n ϭ 11) underwent the same procedure but was told that GH was going to decrease. Group 4 (n ϭ 9) and group 5 (n ϭ 11) were given the same saline injection with the same verbal instructions as groups 2 and 3, respectively, but after a preconditioning with sumatriptan, a highly selective 5-HT 1B/1D receptor agonist that stimulates GH secretion and inhibits cortisol secretion (Franceschini et al., 1994; Entwisle et al., 1995; Mota et al., 1995; Valverde et al., 2000; Rainero et al., 2001 Rainero et al., , 2002 . As shown in Figure 1 , in the preconditioning procedure, a 6 mg dose of sumatriptan was given subcutaneously in the lateral region of the thigh for 2 consecutive days. Groups 6, 7, 8, and 9 were tested for cortisol. Figure 1 shows that group 6 (n ϭ 9) was given a subcutaneous injection of saline solution and told that cortisol was going to decrease, whereas group 7 (n ϭ 10) was told that cortisol was going to increase. Group 8 (n ϭ 10) and group 9 (n ϭ 11) were given the same saline injection and the same verbal instructions as groups 6 and 7, respectively, but after a preconditioning with sumatriptan. As described above, blood samples were taken 15 min before the injection, right after the injection (0 min), and at 15, 30, 45, 60, and 75 min after the injection.
Statistical analysis. Statistical analysis was performed by means of oneway ANOVA and ANOVA for repeated measures, followed by the post hoc Newman-Keuls test for multiple comparisons and Dunnett test for comparisons between a control group and different experimental groups. Data are presented as mean Ϯ SD, and the level of significance is p Ͻ 0.05.
Results
Pain
The natural history of pain tolerance over a 4 d period is shown in Figure 2 A. It is possible to see that no differences were found on different days (F (3,39) ϭ 1.473; p ϭ 0.232). If suggestion of analgesia was given through the administration of a placebo on day 2 (Fig. 2 B) , a significant increase in pain tolerance occurred (F (2,22) ϭ 7.84; p Ͻ 0.03). Likewise, if suggestion of hyperalgesia was given through a nocebo procedure on day 2 (Fig. 2C) , a significant decrease in pain tolerance was found (F (2,22) ϭ 18.12; p Ͻ 0.002). After preconditioning with ketorolac (Fig. 2 D) , we found that the placebo effect was larger than the verbal suggestion alone of Figure 2 B (F (1,21) ϭ 4.38; p Ͻ 0.05). However, after ketorolac preconditioning, no placebo effect occurred if suggestion of hyperalgesia was given (Fig. 2 E) . In addition, pain tolerance on day 4 was significantly lower than the no-treatment on days 1 and 5 (F (2,20) ϭ 5.89; p Ͻ 0.04). Thus, verbally induced expectation plays a crucial role in each of these experimental conditions, even after the pharmacological preconditioning with ketorolac. Figure 3 shows that the subthalamic stimulator of the Parkinsonian patients was turned off several times before the experimental sessions. However, we only have the measurements of hand movement velocity at 4 and 2 weeks before the experimental sessions. It can be seen that every time the stimulator was turned off, the velocity of hand movement slowed down very quickly, and motor performance was poor after 30 min. If a sham turning off of the stimulator was performed (nocebo), a significant decrease of movement velocity occurred (Fig. 3 , black circles) (F (1,9) ϭ 5.24; p Ͻ 0.04). The no-treatment condition (broken line) showed no significant differences (F (1,9) ϭ 0.09; p ϭ 0.895). The crucial role of verbal suggestion in this decrease is shown by the white circles, which represent the effects of the opposite verbal instruction (placebo). In fact, no nocebo effect occurred if a sham increase was performed (F (1,9) ϭ 0.24; p ϭ 0.614). Thus, in this case also, the outcome of a sham procedure depended on the verbal instructions. 
Parkinson's disease
Hormones
The natural history of GH and cortisol plasma concentrations is shown in Figure 4 . GH concentrations did not show significant changes over the 3 d period (F (6,84) ϭ 0.823, p ϭ 0.555 on day 1; F (6,84) ϭ 0.332, p ϭ 0.918 on day 2; F (6,84) ϭ 0.44, p ϭ 0.850 on day 3). Similarly, cortisol showed no significant changes (F (6,84) ϭ 1.054, p ϭ 0.397 on day 1; F (6,84) ϭ 0.372, p ϭ 0.895 on day 2; F (6,84) ϭ 1.419, p ϭ 0.217 on day 3). When suggestion of GH increase was given (Fig. 5A ), no change in plasma concentration was found over a 75 min period (F (5,40) ϭ 1.872; p ϭ 0.121). Likewise, when suggestion of GH decrease was given (Fig. 5B) , no change in plasma concentration occurred (F (5,50) ϭ 0.419; p ϭ 0.833). However, if suggestion of GH increase was given after a 2 d preconditioning with sumatriptan (Fig. 5C ), a significant increase in GH plasma concentration occurred (F (5,40) ϭ 22.618; p Ͻ 0.001). The post hoc Dunnett test showed that there was a significant increase at both 15 min (q (40) ϭ 3.643; p Ͻ 0.03) and 30 min (q (40) ϭ 2.854; p Ͻ 0.05). Thus the placebo GH increase on day 3 mimicked the effect of sumatriptan of the previous days. That this increase was not caused by the verbal suggestion per se is shown in Figure 5D . In fact, the same GH increase was present when suggestion of decrease was given (F (5,50) ϭ 29.258; p Ͻ 0.001). This increase occurred at 15 min (q (50) ϭ 7.865; p Ͻ 0.01), 30 min (q (50) ϭ 7.131; p Ͻ 0.01), and 45 min (q (50) ϭ 2.412; p Ͻ 0.05).
The same effects were observed for cortisol, but in the opposite direction. Suggestion of cortisol decrease (Fig. 6 A) or increase (Fig. 6 B) did not have any effect on cortisol plasma concentration (F (6,48) ϭ 0.421, p ϭ 0.861 and F (6,54) ϭ 1.894, p ϭ 0.101, respectively). Conversely, sumatriptan preconditioning on days 1 and 2 induced a placebo cortisol decrease on day 3, regardless of the verbal suggestions (Fig. 6C,D) . In fact, suggestion of cortisol decrease was accompanied by cortisol decrease (F (5,45) ϭ 37.642; p Ͻ 0.001) at 45 min (q (45) ϭ 4.498; p Ͻ 0.04), 60 min (q (45) ϭ 6.746; p Ͻ 0.02), and 75 min (q (45) ϭ 10.894; p Ͻ 0.01) (Fig. 6C) , and suggestion of cortisol increase was accompanied by cortisol decrease (F (5,50) ϭ 43.251; p Ͻ 0.001) at 45 min (q (50) ϭ 6.047; p Ͻ 0.02), 60 min (q (50) ϭ 8.165; p Ͻ 0.01), and 75 min (q (50) ϭ 12.594; p Ͻ 0.01) (Fig. 6 D) .
Discussion
The present study was aimed at analyzing the role of conditioning and cognitive factors in different placebo responses, in which both subjective and objective measurements were performed. At least two main findings can be identified. First, analgesic and motor placebo responses appear to be mediated by verbally induced expectations. In fact, although we did not assess the subjects' expectations directly, verbal suggestions affect expectations, as suggested by many studies (Kirsch and Weixel, 1988; Benedetti et al., 1999b; Pollo et al., 2001; Benedetti, 2002) . Opposite verbal suggestions modulated pain in opposing directions (Fig. 2 B, C) , and most important, even after a pharmacological analgesic preconditioning, a significant hyperalgesic effect occurred when suggestion of pain increase was given (Fig. 2 E) . This indicates that the placebo effect of Figure 2 D was caused by expectation of analgesia and not by the pharmacological preconditioning per se. This can also be seen in Parkinsonian patients, whose motor worsening shown in Figure 3A appears to depend on verbally induced expectation; in fact, the opposite verbal suggestion was sufficient to reverse this effect (Fig. 3B) . The second important finding is that verbally induced expectations of hormonal increase and decrease had no effect on hormonal plasma concentrations. However, placebo administration after sumatriptan preconditioning mimicked the effects of the sumatriptan itself. It is important to point out that these sumatriptan-like effects occurred regardless of whether verbal suggestions were given for GH increase or decrease. Thus verbal manipulations that are likely to affect expectations did not influence hormonal secretion.
It is also worth noting that the occurrence of hormonal placebo responses indicate that the placebo effect is present not only in regard to subjective measurement, such as pain, but also for objective outcomes as well. Although pharmaco-conditioning is a widely recognized phenomenon in both animals and humans (Ader, 1985 (Ader, , 1997 Siegel, 1985 Siegel, , 2002 , our findings clearly demonstrate that the exposure to a biologically active medication (sumatriptan) makes a subsequently administered placebo effective. Because expectations had no effect on hormonal secretion, conditioning mechanisms were likely to be involved. In other words, contextual cues (the subcutaneous injection procedure) were likely to represent the conditioned stimulus, whereas the sumatriptan itself was the unconditioned stimulus.
Our interpretation of these findings is shown in Figure 7 . Although expectations are capable of influencing conscious physiological processes such as pain and motor performance, they have no effect on unconscious biological functions such as hormonal secretion, which is affected, however, by a conditioning procedure. Figure 7 also shows that although a conditioning procedure also affects pain and motor performance, it is likely to act through expectations. This is in accordance with alternative theories of learning which suggest that cognitive elements are involved in Pavlovian conditioning. In other words, conditioning would lead to the expectation that a given event will follow another event, and this occurs on the basis of the information that the conditioned stimulus provides about the unconditioned stimulus (Reiss, 1980; Rescorla, 1988) . It is worth remembering a study by Montgomery and Kirsch (1997) , who suggested that a conditioned placebo response can result from conditioning but is actually mediated by expectancy.
In recent years, the neurobiological study of the placebo effect has yielded important information about the influence of psychological factors on several body functions such as pain (Amanzio and Benedetti, 1999; Benedetti et al., 1999b; Petrovic et al., 2002; Pollo et al., 2003) , motor performance (de la FuenteFernandez et al., 2001; Pollo et al., 2002) , and mood (Leuchter et al., 2002; Mayberg et al., 2002) . The involvement of endogenous substances, such as opioids (Amanzio and Benedetti, 1999) , dopamine (de la Fuente-Fernandez et al., 2001) , and serotonin (Mayberg et al., 2002) , in the placebo responses indicates that the placebo effect represents a good model for understanding the intricate mechanisms underlying complex mental functions. However, what triggers the release of these endogenous substances during a placebo procedure is still a matter of debate. At least two mechanisms can be involved.
On the one hand, the conditioning theory proposes that the placebo response is a conditioned response caused by repeated associations between a conditioned stimulus and an unconditioned stimulus (Gleidman et al., 1957; Herrnstein, 1962; Wickramasekera, 1980; Siegel, 1985 Siegel, , 2002 Voudouris et al., 1985 Voudouris et al., , 1989 Voudouris et al., , 1990 Ader, 1997) . In this case, contextual cues represent the conditioned stimulus (the shape and color of pills, the syringes, the environment of the hospital, and such), whereas active treatments represent the unconditioned stimulus. On the other hand, the cognitive theory assumes that expectations, beliefs, and desire for pain relief play an essential role (Kirsch, 1985 (Kirsch, , 1999 Price and Fields, 1997; Price, 2000) . In fact, some studies showed that different verbal instructions lead to different expectations and thus to different responses, and this plays a fundamental role in the placebo effect (Kirsch, 1985 (Kirsch, , 1999 Price and Fields, 1997 ). This occurs not only with placebos but even with active drugs, such as hormones (Wied, 1953) , epinephrine (Schachter and Singer, 1962) , amphetamine and chloral hydrate (Lyerly et al., 1964) , and carisoprodol (Flaten et al., 1999) . In fact, a typical drug effect can sometimes be reduced if the subjects are misinformed on the action of the drug, and, similarly, new responses can be elicited (e.g., side effects) with the appropriate verbal in- Figure 7 . Model to explain the findings of the present study. During a placebo procedure, conscious physiological processes, such as pain and motor performance, are affected by verbally induced expectations, even though a conditioning procedure is performed. By contrast, unconscious physiological processes, such as hormone secretion, are totally unaffected by expectations, whereas they are influenced by placebos through unconscious conditioning mechanisms.
structions. Another study showed that different expectations produce different outcomes after the administration of either caffeinated or decaffeinated coffee (Kirsch and Weixel, 1988) , and the same experimental approach has been used recently in the clinical setting by Pollo et al. (2001) , who found that the placebo response was much stronger after deceptive administration compared with double-blind administration. These studies emphasize once again that different verbal instructions produce different expectations.
In the present study, we show that conscious expectation and unconscious conditioning are involved in different circumstances and that this is true not only for placebos but for nocebos as well. In fact, placebos may also produce negative outcomes, a situation that has been called the nocebo effect (Kennedy, 1961; Kissel and Barrucand, 1964; Hahn, 1985 Hahn, , 1997 Benedetti et al., 1997) . Thus our work indicates that the same mechanisms are involved in an effect that is opposite to the placebo. This is particularly evident for hyperalgesia and motor worsening, in which negative expectations yielded negative outcomes.
The differentiation between expectation and conditioning is important for several reasons. First and foremost, it is important to emphasize that a placebo is an inert treatment within a medical context, and it is this context that represents the crucial element for the placebo response (Benedetti, 2002) . As argued in the present study, the context either can act as a conditioned stimulus to produce unconscious conditioned hormonal responses or can have a conscious meaning that induces conscious expectations. In this regard, it is worth remembering that Moerman (2002) proposed to replace the word "placebo response" with "meaning response" to better clarify that it is the meaning that represents the crucial element in the placebo response. From our findings, however, the meaning response appears to be true only in some situations, such as pain and motor performance, whereas a completely unconscious process seems to be involved in hormonal placebo responses.
The best proof of the importance of the context is shown by the comparison between open and hidden medical treatments (Levine et al., 1981; Levine and Gordon, 1984; Amanzio et al., 2001; Benedetti et al., 2003) . An open injection of a painkiller in full view of the patient, which represents usual medical practice, is more effective than a hidden injection. This hidden procedure completely eliminates the context associated with the knowledge that a pharmacological agent is being injected. The difference between the outcome of an open and hidden injection represents the placebo effect, at least its major component, which results from the patient's perception of the administration of the agent (Price, 2001) . At the present we do not know whether this is true for unconscious physiological processes as well. It will be interesting to determine whether open and hidden administrations of drugs have different effects on hormonal secretion.
Thus the placebo effect seems to be a phenomenon that can be learned either consciously or unconsciously. In the first case, an increased expectation is likely to occur after repeated associations of contextual cues with the outcome, as emphasized by Reiss (1980) and Rescorla (1988) . In the second case, a mechanism of Pavlovian conditioning is likely to be involved, in which contextual cues and outcomes are unconsciously associated because of their contiguity. Pavlovian conditioning is important in the placebo responses of animals (Herrnstein, 1962; Ader, 1985 Ader, , 1997 Siegel, 1985 Siegel, , 2002 , in which the conscious processes are supposed to be absent or at least much less important. Likewise, as shown in the present study, conditioning appears to play a crucial role in the placebo responses of human unconscious physiological functions, whereas expectations replace conditioning when conscious perception is involved (e.g., pain and motor performance). We believe that these analogies and differences between animals and humans may represent an interesting starting point to better understand analogies and differences between unconscious and conscious processes.
